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OBJECTIVE

Lifestyle interventions slow development of type 2 diabetes by half, but the impact
of health payer reimbursement for delivery of intervention programs is not well
known. We evaluated net commercial health payer expenditures when offering
reimbursement for access to YMCA’s Diabetes Prevention Program (YDPP) in
42 states.

RESEARCH DESIGN AND METHODS

We used a nonequivalent comparison group design to evaluate net health care
expenditures for adults with prediabetes who attended one or more YDPP visit
between 1 July 2009 and 31May 2013 (“YDPP users”). Rolling, 1:1 nearest neighbor
propensity score (PS) matching was used to identify a comparison group of
nonusers. Administrative data provided measures of YDPP attendance, body
weight at YDPP visits, and health care expenditures. Random effects, differ-
ence-in-difference regression was used to estimate quarterly health care expen-
ditures before and after participants’ first visit to YDPP.

RESULTS

Worksite screening identified 9.7% of the target population; 39.1% of those
identified (19,933 participants through June 2015) became YDPP users. Mean
weight loss for YDPP users enrolled before June 2013 (n = 1,725) was 7.5 lb (3.4%);
29%achieved‡5%weight loss. Inclusiveof added costs tooffer YDPP, therewereno
statistically significant differences inmean per-person net health care expenditures
between YDPP users and PS-matched nonusers over 2 years ($0.2 lower [95% CI
$56 lower to $56 higher]). Mean reimbursement to the YMCA was $212 per YDPP
user, with 92.8% of all expenditures made for those who attended at a high rate
(‡9 completed YDPP visits).

CONCLUSIONS

Worksite screening was inefficient for identifying the population with prediabetes,
but those identified achieved modest YDPP attendance and clinically meaningful
weight loss. Over 2 years, added costs to offer the intervention were modest, with
neutral effects on net health care costs.
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More than 30 million Americans have
diabetes, imposing a substantial health
and economic burden (1). Unfortunately,
an additional 84 million Americans have
prediabetes and are at high risk for de-
veloping type 2 diabetes over the next
5–10 years (1–3). This context warrants
intensive efforts to prevent type 2 diabe-
tes, particularly for those at high risk (4).
The Diabetes Prevention Program

(DPP) clinical trial demonstrated that a
resource-intensive lifestyle behavioral
change intervention can reduce the
rate of type 2 diabetes development
in high-risk adults by 58% over;3 years
(5). The DPP lifestyle intervention pro-
motes healthful diet and moderate in-
creases in physical activity to achieve
modest weight loss (;10–15 lb), which
has been shown to convey benefits be-
yond diabetes prevention, such as im-
provement of other cardiovascular risk
factors, reduced health care expendi-
tures, and enhanced well-being (6–10).
However, the high costs of implementa-
tion and frequent ongoing face-to-face
visits impose a challenge for routine
delivery of the DPP lifestyle intervention
approach in real-world settings (11,12).
Studies involving lower-cost delivery

of behaviorally based diabetes preven-
tion interventions in community settings
have demonstrated modest weight los-
ses consistent with that seen in the DPP
trial, often for ,20% of the cost of the
original DPP trial intervention (13–16).
In 2009, UnitedHealth Group partnered
with YMCA of the USA (YUSA) and the
U.S. Centers for Disease Control and
Prevention (CDC) to roll out a strategy in-
volving health care sector payment for
a low-cost, group-based adaptation of
the DPP lifestyle intervention delivered
by YMCAs (the YDPP) (17). Adopted in
numerous geographic regions nationally,
this approach involved performance-
based paymentsmade to YDPPproviders
to encourage high intervention atten-
dance and achievement of at least a 5%
weight loss goal for each participant.
At a population level, the reach and

effectiveness of these efforts depend on
the efficient identification of adults at
high risk and the willingness of those
adults to participate in the program (14).
However, the optimal mix of strategies
needed to maximize program participa-
tion is not yet known, and the financial
sustainability of this approach from the
healthpayer’sperspectivewill depend, in

part, on how funding of the costs of YDPP
impacts net health care expenditures.

Seizing this natural experimental op-
portunity, UnitedHealth Group, YUSA,
and researchers at Northwestern and
Indiana Universities partnered to evalu-
ate the adoption and reach of these
efforts (i.e., the extent to which adults
at high risk participate in YDPP), as well
as the effectiveness of the program in
terms of 1) participant weight loss and 2)
net health care expenditures.

RESEARCH DESIGN AND METHODS

Overall Design and Study Setting
We used a nonequivalent, propensity
score (PS)-matched comparison group
design to evaluate the effects of YDPP
on trends in health care expenditures for
adult commercial health plan enrollees
who were identified primarily during
employer-based screening activities as
being at high risk for developing type 2
diabetes. The study design is illustrated
in Supplementary Fig. 1.

Study Population and Matching
Approach
The study population included commer-
cially insured adults $18 years old who
were at increased risk for developing
type 2 diabetes and were enrolled in a
health plan that offered the YDPP free of
charge to persons with prediabetes. For
most participants, high risk for develop-
ing diabetes was determined by an A1C
test result of 5.7–6.4% (39–47mmol/mol).
Our analysis excluded individuals who
had prior evidence of a diabetes diag-
nosis, defined by at least one health
system encounter with an ICD-9-CM
250.XX code or at least one past dispens-
ing event for an oral antiglycemic class
medication or insulin. Any enrollee with
one or more visits to a YDPP class was
classified as a “YDPP user.” The date of
the first YDPP visit was defined as the
“index date” of exposure (Supplemen-
tary Fig. 1). For the purposes of cost and
outcome analyses, we excluded per-
sons with an index date after 31 May
2013, as this ensured that all participants
could have at least 2 years of follow-up
data, so long as they remained enrolled
in the health plan.

To identify a comparison group with
similar baseline characteristics, we used
a nearest-neighbor 1:1 PS matching ap-
proach (18,19). YDPP “nonusers” were
eligible for the match if they met all

eligibility criteria above and were en-
rolled in the health plan through an
employer that offered YDPP but had
zero visits to YDPP. For construction of
baseline variables for the PS match, in-
dividuals in both groupswere required to
be enrolled in the health plan for at least
3 months before and 3 months after the
index date. To enable balanced compar-
isons between exposure groups, we as-
signed each matched control subject the
same index date as the YDPP user to
which he/she was paired. Exposed and
potential control patients were grouped
by whether a health care provider had
diagnosed prediabetes prior to employer
screening (i.e., a prior medical visit with
a prediabetes ICD code [binary 0/1]). By
prediabetes diagnosis status, the pa-
tient-level propensity models used logis-
tic regression to predict the odds of YDPP
participation, including the following in-
dependent variables from the preindex
date period: sex, age category, Charlson
Comorbidity Index score (20), evidence
for recent use of another “health seek-
ing” preventive service (0/1), a prior fill
for any antihypertensive medication
(0/1), a prior fill for any antilipidemic
medication (0/1), total health care ex-
penditures prior to the index date, car-
diometabolic drug costs prior to the
index date, and employer-level variables
for the number of total employees, av-
erage annual employee salary, and per-
cent of employees in minority race
categories. Supplementary Table 1 pro-
vides details for how these matching
variables were constructed.

YDPP Lifestyle Intervention
The YDPP is a goal-based cognitive and
behavioral training and support program
that was derived from the intensive
lifestyle interventiondeliveredduring the
U.S. DPP clinical trial (21). YDPP encour-
ages and supports each participant to
reach goals for moderate physical activ-
ity and dietary changes to achieve and
maintain 5–7% weight loss. Face-to-face
meetings with a lifestyle instructor are
held approximately weekly over the first
4–5 months (16 total “core” lessons),
followed bymonthly maintenancemeet-
ings that combine education, skill build-
ing, and supportive accountability to
help each individual reach their unique
behavioral goals. Prior studies show that
higher attendance in DPP-like interventions
results in greater weight loss success (14)
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and that every 1 kg (;1%) of weight loss
achieved by a participant translates into
an additional 16% reduction in the rate
of developing type 2 diabetes (22). Dur-
ing YDPP implementation, the partnering
health payer provided the YMCA with a
scaled payment for each participant, based
on three types of criteria: 1) the individ-
ual’s level of attendance in the 16 “core”
lessons (i.e., completion of 1–3 lessons,
4–8 lessons, or 9–16 lessons), 2) their
maximum weight loss recorded during
the first 6 months (i.e., achievement of
5.0–8.9% weight loss or $9.0% weight
loss), and 3) a modest payment for each
maintenance lesson attended. This per-
formance-based approach was intended
to minimize intervention payments for
participants who did not attend at a high
level, while also encouraging YMCAs to
deliver the program in a way that max-
imized attendance andweight loss by the
greatest number of participants.

Measures and Outcomes
Study outcomes included temporal and
geographic patterns of YDPP adoption,
attendance levels for YDPP users, weight
losses for YDPP users, and inpatient,
outpatient, pharmacy, and total health
care expenditures. Measures of YDPP
participation included numbers of YDPP
visits attended and body weight re-
corded at each attended visit. Total
health care costs (including both health
plan and patient cost share components)
were assessed equally across all patients
by applying a standardized cost to each
claim (23). Total health care expendi-
tures included payments by the health
plan for delivery of the YDPP interven-
tion. To minimize the effect of extreme
outliers on mean cost estimates, we
replaced costs that were.95th percen-
tile with the value at the 95th percentile
(24). The Charlson Comorbidity Index
was constructed using all months of
data available prior to the index date
(20). A metabolic risk score was also
constructed from the count of each of
three risk factors (hypertension, dyslipi-
demia, and prediabetes) for which there
wasevidence in the claims recordprior to
the index date (see Supplementary Table
2 for details).

Data Sources
Data sources included national health
plan member enrollment files, medical
inpatient and ambulatory claims, and

pharmacy claims made available by a
large, U.S.-based commercial health in-
surer for the period of 1 July 2008 through
30 June 2015. This time range offered the
potential for all individuals in the study
population to have at least 1 year of data
before and 2 years of data after their
indexdate. By linking aYUSA tracking and
billing system database with the health
payer claims data, we constructed YDPP
eligibility status and YDPP lesson atten-
dance for each health plan enrollee, as
well as weight loss at each visit among
YDPP users. We calculated mean per-
person total health payer reimbursement
to the YMCA for intervention delivery by
using information provided by both or-
ganizations regarding agreed-upon pay-
ments based on thresholds of individual
patient attendance and weight loss
achieved at YDPP visits. At the request
of YUSA, we summarize these results in
aggregate. The Northwestern University
Institutional Review Board reviewed the
parent study and determined that this
work involved the use of coded, non-
identifiable data and was not classifiable
as human subjects research.

Statistical Analysis
Temporal patterns in adoption of YDPP
were summarized over time and by nine
U.S. Census Bureau geographic divisions
(25). Univariate and bivariate descrip-
tive statistics for baseline characteristics
were calculated for both YDPP users
and the PS-matched nonuser compari-
son group. We assessed comparability
of means and proportions for individual
baseline variables before and after PS
matching using standardized differen-
ces, with a value of,0.10 considered to
represent an acceptable level of balance
between groups (26). For inspection of
the comparability of time trends be-
tween groups, we plotted means for
each 90-day period (i.e., quarter), ex-
tending eight quarters before and eight
quarters after the index date. Diminish-
ing sample sizes resulting in greater cost
volatility precluded cost comparisons
beyond 2 years.

The unit of cost analysis was U.S.
dollars ($) per person per quarter (or,
in separatemodels, per person per year).
We estimated mean between-group dif-
ferences in quarterly cost outcomes over
different time horizons (year 1; year 2)
using enrollee-level difference-in-
difference random effects regression

models that included a dummy variable
for exposure group (YDPP user; PS-
matched nonuser), quarter (or, in sepa-
rate models, year) indicators (i.e., relative
to the index date), and group-by-quarter
(or, separately,group-by-year) interaction
terms. For estimating continuous out-
comes, we used linear models because
they provide estimates in natural units of
the outcome variable and have been
shown to produce reliable and unbiased
estimates of CIs for mean cost differ-
ences when sample sizes are large (27).
Analyses were conducted on the overall
sample, as well as for prespecified pa-
tient subgroups, including 1) categories
of age (,55 years vs. $55 years);
2) baseline Charlson Comorbidity Index
(0 vs.$1); and 3) baseline metabolic risk
score (#1 vs.$2). We also conducted a
sensitivity analysis restricting the study
sample to only those YDPP users and
PS-matched nonusers who had at least
one encounter with a prediabetes di-
agnosis code prior to the index date.

Because our cost analysis adopted a
health payer perspective, each patient
who was no longer enrolled with the
health plan was censored from future
measurement periods. To avoid poten-
tial bias from differential dropout across
the two comparison groups, we censored
both the YDPP user and their PS-matched
nonuser at any point when either subject
was no longer enrolled in the health
plan. This censoring approach reduced
the size of the study population over
time but ensured balanced comparisons
throughout the evaluation period. Among
YDPP users, 27%were no longer enrolled
in the health plan at 24 months. There
were no statistically significant differ-
ences in mean age, sex, or comorbidity
scores between YDPP users who re-
mained with their health plan and those
who did not remain enrolled.

RESULTS

Description of YDPP Adoption and
Reach During Scale-up
Beginning in 2009, YUSA and the health
payer worked collaboratively to identify
U.S. regions where there was overlap
among large populations of commercial
health plan enrollees and YMCA net-
works that were selected by YUSA for
early adoption of YDPP. YDPP delivery
was offered in eight U.S. census divisions
in 2010 and in all nine divisions every
remaining year.
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As of 30 June 2015, the YDPP had been
delivered to 19,933 commercial health
plan clients (regardless of our study
eligibility criteria) in a total of 938 differ-
ent delivery locations by 1,052 different
instructors. YDPP participants were iden-
tified from 759 different employers over
the 5 year scale-up period (54 in the last
6 months of 2010, 75 in 2011, 283 in
2012, 386 in 2013, 236 in 2014, and 91 in
the first 6 months of 2015).

Identification of Employed, High-Risk
Health Plan Enrollees
The reach of primarily employer-based
strategies to identify and engage high-
risk health plan enrollees in the YDPP is
depicted in Fig. 1. With application of a
U.S. population estimate of prediabetes
prevalence of 23.2%, for using A1C test-
ingalone (28), full participation in screen-
ing by all 498,837 employees who were
enrolled in a partnering health plan
would have identified ;115,730 “high-
risk” individuals with an A1C result of
5.7–6.4% (39–47 mmol/mol). However,
only 28,839 (5.8%) of 498,837 employees
completed testing, resulting in 11,277
(;9.7%of the estimated 115,730-person
target population) being identifiedwith a
high-risk A1C test result (Fig. 1).

YDPP Participation and Weight Loss
Achievement by High-Risk Health Plan
Enrollees
Among the 11,277 individuals who were
identified as having a qualifying A1C test,
4,554 (40.4%) attended at least one YDPP

class. Levels of attendance and weight
changes recorded by all of these YDPP
users are detailed in Supplementary
Table 3. Mean attendance among YDPP
users overall was 12.4 (SD 6.3) classes;
71% completed 9 or more classes,
and 1,801 (39.5% of YDPP users) com-
pleted all 16 of YDPP’s “core” interven-
tion classes.

Among YDPP users, mean weight loss
overall was 7.5 (SD 11.3) lb (3.4%), with
1,302 (28.6%) of those users reaching
the weight loss goal of $5% of baseline
body weight. There was a graded re-
lationship between attendance level
and weight loss achieved, with low at-
tenders (1–3 classes completed) achiev-
ing a mean weight loss of only 0.5 (SD
2.8) lb (0.2%) and the highest attenders
($16 classes completed) achieving a
mean weight loss of 12.1 (SD 14.2) lb
(5.4%). With application of the con-
tracted payment amounts for each in-
dividual participant’s attendance and
maximal weight loss, the mean total
payout to the YMCA was estimated
at $212 per YDPP user; 92.8% of the
total payout was provided for YDPP
users attending nine or more visits, for
whom the mean weight loss was 9.8 lb
(4.5%).

Characteristics of YDPP Users and
Nonusers Examined in Health Care
Cost Analysis
After exclusion of YDPP users with ,2
years of potential follow-up after their
index date (i.e., those with index dates

on or after 1 June 2013) and those
with,3monthsofhealthplanenrollment
before or after their index date, a total of
1,761 YDPP users remained eligible for the
longitudinal economic evaluation, and
1,725 could be PS matched to YDPP
nonusers for the difference-in-difference
analysis. Prior to PS matching, YDPP users
were more likely than nonusers to be
women, to be ages 50–64 years, or to
have a Charlson Comorbidity Index
score .0 (Table 1). YDPP users also
were more likely to have had a prior
health care visit with a prediabetes di-
agnosis, recent use of another “health
seeking” preventive service, and use of
either blood pressure or lipid-lowering
medication. Finally, YDPP users had
higher total health care costs and higher
costs for cardiometabolic class medica-
tions prior to exposure.

After PS matching, there were no
remaining imbalances between the
two comparison groups in any of these
baseline characteristics (Table 1). Almost
three-quarters of eligible YDPP users
were women, and approximately three-
quarters were $50 years of age. More
than 40% had an encounter with a pre-
diabetes diagnosis before their index date,
suggesting some recognition of their
high-risk status by a health care provider.
Slightly more than half received a blood
pressure medication and just more than
one-quarter received an antilipidemic
classmedication during the 6–18months
before the index date. Despite these
metabolic risk factors, less than one-
quarter had evidence of recent use of
another health promotion/disease pre-
vention service in the 6 months before
the index date.

Temporal Comparisons in Health
Care Costs
Figure 2 displays quarterly trends in
mean per-person total health care ex-
penditures of YDPP user and PS-matched
nonuser groups before and after index
dates. Visually, the trends between
matched groups are generally compara-
ble before the index date.

Difference-in-difference estimates of
mean quarterly health care expendi-
tures across each of the first 2 years
of participation are displayed in Table 2.
During year 1, the estimated mean total
health care expenditures for YDPP users,
inclusive of payments for delivery of the
YDPP, were not statistically significantly

Figure 1—Population reachof YDPP following health payer–led screening and referral. *Multiplies
the total employee population of 498,837 by the U.S. population prevalence estimate of 23.2%
(28), who have A1C screening tests in the range of 5.7–6.4% (39–47mmol/mol). †A1C of 5.7–6.4%
(NGSP) is equivalent to 39–47 mmol/mol.
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different (P = 0.731) from those for PS-
matched nonusers (mean for YDPP users
was $10 lower [95% CI $68 lower to $48
higher]). Over the first 2 years combined,
mean total health care expenditures for
YDPP users were estimated to be $0 lower
(95% CI $56 lower to $56 higher) than for

PS-matched nonusers. In exploratory anal-
yses, there were no statistically significant
differences during either follow-up year in
any specific expenditure subcategory, in-
cluding inpatient and emergency depart-
ment, total pharmacy, or ambulatory
expenditures (estimates not shown).

Comparisons of Cost Trends and
DifferencesAcrossPrespecifiedPatient
Subgroups

Quarterly trends in total health care ex-
penditures for the three prespecified sub-
groups of YDPP users, as well as for those
with and without a prior ambulatory visit

Table 1—Baseline characteristics of YDPP users and nonusers before and after PS matching

Before matching After matching

Eligible YDPP
users

All
nonusers*

Stand.
diff.†

Eligible YDPP users
matched

PS-matched
nonusers

Stand.
diff.†

N 1,761 361,431 1,725 1,725

Sex, % women 72.4 49.5 0.46 72.1 71.9 0.01

Age category, % 0.66 0.05
18–34 years 2.5 15.3 2.6 2.1
35–49 years 22.1 33.5 22.4 23.4
50–57 years 30.8 19.9 31.0 32.5
58–64 years 32.2 16.1 31.9 30.0
$65 years 12.4 15.3 12.2 11.9

Age (years), mean (SD) 55.0 (8.9) 50.2 (14.0) 0.34 53.0 (9.2) 52.9 (9.2) 0.01

Charlson Comorbidity Index score, % by
category‡ 0.29 0.07

0 57.1 71.1 57.2 55.5
1 20.7 14.2 20.6 20.0
2–3 15.1 9.9 15.1 17.8
$4 7.1 4.8 7.1 6.7

Meanmetabolic risk factor score, mean (SD)§ 1.2 (1.1) 0.5 (0.8) 0.87 1.2 (1.1) 1.2 (1.1) 0.00

High blood pressure treatment, % 52.7 33.0 0.41 52.5 53.3 0.02

Abnormal blood cholesterol treatment, % 27.2 15.5 0.29 27.0 27.8 0.02

Prediabetes diagnosis, % 40.8 6.5 0.88 39.7 39.7 0.00

Recent use of health seeking services, %| 23.3 15.3 0.2 23.0 23.6 0.02

Percentile category of total health care costs,
% by category¶ 0.43 0.02

.90th percentile 15.5 10.8 15.9 16.1
75th–90th percentile 27.1 16.3 27.6 27.1
50th–74th percentile 25.8 21.4 24.6 25.0
,50th percentile 31.6 51.5 31.8 31.8

Percentile categoryof cardiovascularRx costs,
% by category¶ 0.42 0.04

.95th percentile 10.7 6.4 10.7 10.0
90th–95th percentile 10.1 5.9 10.0 10.4
1st–89th percentile 33.2 21.2 33.1 34.1
0 (no medication costs in these drug

classes) 46.0 66.6 46.2 45.5

Year of first exposure# 0.38 0.00
2010 3.6 10.5 3.7 3.7
2011 15.4 24.3 15.6 15.6
2012 49.9 40.3 49.7 49.7
2013 31.1 24.9 31.0 31.0

Employer-level variables, %
Employees in a high-deductible health plan 27.6 22.3 0.15 27.8 26.9 0.02
Employees reported as African American 9.7 8.6 0.14 9.6 9.7 0.01
Employees reported as Hispanic 6.7 7.6 0.10 6.7 7.2 0.06

Charlson Comorbidity Index, mean (SD) 0.5 (0.2) 0.6 (0.4) 0.33 0.5 (0.2) 0.5 (0.2) 0.01

Rx, prescription. *Eligible nonusers were health plan enrollees who were associated with an employer that had at least one eligible YDPP user (i.e.,
participatingemployers).†The standardizeddifference (Stand. diff.) compares thedifference inmeans inunits of thepooledSD.Unlike t tests andother
statistical tests of hypothesis, the standardized difference is not influenced by sample size. Covariates with a standardized difference ,0.10 are
generally considered to be well matched (26). ‡Higher scores represent increasing numbers of chronic disease diagnoses (i.e., comorbidity). §Score
range0–3,basedonthesumofmetabolic risk traits that couldbe identified inclaimsdata sources (SupplementaryTable2). |Indicator foranyoccurrence
of a preventive service procedure or diagnosis code in the 6 months prior to the index date (Supplementary Table 1). ¶Percentile categories
for the sum of costs accruing between 6 and 18 months before the index date. #Year of index date for YDPP users and PS-matched nonusers; for
nonmatched nonusers, represents year the first employee of the same employer was exposed to YDPP.
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for aprediabetes diagnosis, aredepicted
graphically in Supplementary Fig. 2A–D,
including analyses by age category
(Supplementary Fig. 2A), count of met-
abolic risk factors (Supplementary Fig.
2B), numbers of comorbidities (Supple-
mentary Fig. 2C), and prediabetes en-
counter status (Supplementary Fig. 2D).
YDPP users with higher age or with
higher comorbidity levels generated
higher mean health care expenditures
both before and after the index date
than those who were younger or who
had lower levels ofmetabolic risk factors

or comorbidity. However, difference-in-
difference estimates comparing mean
costs between YDPP users and PS-
matched nonusers did not achieve sta-
tistical significance within any of the
higher risk subgroups.

CONCLUSIONS

Our evaluation demonstrates consider-
able growth in YDPP delivery from 2010
to 2015, reaching a scale of .1,000
instructors serving almost 20,000 indi-
viduals in ;1,000 locations throughout
the U.S. This growth also appears to be

sustained; as of June 2018, YUSA reported
having offered the YDPP to.61,000 total
people nationally, using .1,100 loca-
tions in 40 states (29). Despite this
growth in capacity, health payer efforts
focused primarily on worksite prediabe-
tes screening, and referral of high-risk
employees to YDPP fell short of expect-
ations as a strategy to enroll high num-
bers of participants. Though 40% of
employees who were identified with pre-
diabetes attended at least one YDPP class,
and 28% overall attended nine or more
YDPP classes, the requirement for com-
pletion of a blood test to identify pre-
diabetes outside of health care settings
proved to be a large barrier to YDPP pro-
gram enrollment. Only;6% of all employ-
ees enrolled in the participating health
plan completed prediabetes testing, which
resulted in identification of only ;10% of
the expected target population.

Despite the relatively low reach of the
engagement strategy, high-risk adult
health plan enrollees who did participate
in YDPP achievedmodest butmeaningful
weight loss levels (7.5 lb), with ;29%
reaching the weight loss goal of 5% or
more. YDPP users with higher attendance
had higher levels of mean weight loss.
Despite the incremental cost of health
payer reimbursement for use of YDPP by
eligible health plan enrollees, net health
care expenditures for YDPP users were
not statistically significantly different
from PS-matched nonusers over the first
2 years of YDPP exposure.

Figure 2—Raw mean quarterly total health care expenditure trends, per commercially insured
YDPP user and PS-matched nonuser. *To ensure at least 2 years of potential follow-up for all
participants in the evaluation sample, we restricted the cost analysis to health plan enrollees in
bothgroupswithan indexdateonorbefore1 June2013;errorbars reflect95%CI foreachquarterly
mean.

Table 2—Difference-in-difference estimates of mean per-patient quarterly health care expenditures ($), comparing YDPP users
and PS-matched nonusers

Intervention period
Change in quarterly total costs

for YDPP users*
Change in quarterly total costs
for PS-matched nonusers*

Difference in net quarterly total
costs between YDPP users and

PS-matched nonusers† P

Quarter 1 109.2 (58.8, 159.2) 82.0 (26.7, 137.4) 27.5 (247.2, 102.3) 0.47

Quarter 2 7.5 (245.2, 60.1) 57.3 (0.5, 114.2) 249.3 (2126.7, 28.2) 0.21

Quarter 3 45.2 (210.2, 100.7) 12.1 (246.4, 70.7) 33.4 (247.3, 114.0) 0.42

Quarter 4 210.0 (266.6, 46.6) 45.8 (221.0, 112.7) 255.5 (2143.1, 32.1) 0.21

Quarter 5 214.7 (272.9, 43.6) 27.6 (238.9, 94.1) 242.0 (2130.4, 46.4) 0.35

Quarter 6 27.0 (269.7, 55.7) 15.7 (256.0, 87.5) 222.6 (2117.8, 72.6) 0.64

Quarter 7 232.1 (299.3, 35.1) 242.9 (2113.4, 27.6) 11.4 (285.9, 108.6) 0.82

Quarter 8 46.8 (229.4, 122.8) 285.5 (2158.6, 212.4) 132.5 (27.1, 238.0) 0.01

Year 1 overall 39.1 (0.4, 77.8) 49.7 (6.3, 93.2) 210.2 (268.4, 47.9) 0.73

Year 2 overall 24.0 (252.0, 44.0) 215.9 (269.5, 37.6) 12.3 (259.4, 84.1) 0.74

Year 1 and 2 overall 20.4 (216.7, 57.6) 21.0 (221.0, 63.1) 20.2 (256.2, 55.9) 0.99

Data are mean (95% CI). *Adjusted estimate from difference-in-difference models of the difference between each quarterly mean and the quarterly
mean prior to the index date. Yearly differences in means are estimated from separate models. Negative numbers indicate that mean per person
expenditures are lower in the follow-up period than at baseline. †Adjusted estimate of difference in difference between the YDPP and PS-matched
comparison group; negative numbers indicate that mean per-person expenditures are lower for YDPP users than for the PS-matched nonusers.
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Ongoing maintenance of the use of
a performance-based payment arrange-
ment between YUSA and commercial
payers provides encouraging evidence
for the sustainability of health plan
coverage of YDPP (17). With federal
policies now requiring full health plan
coverage of intensive lifestyle inter-
ventions for enrollees with cardiovascu-
lar risk conditions such as prediabetes
(30), the CDC reports that .60 health
payers currently provide coverage for
National DPP programs offered by
YMCAs or other recognized program
vendors (31). Similarly, in April 2018
the Centers for Medicare and Medic-
aid Services began providing pay-
ment to National DPP providers for
access to analogous interventions for
high-risk Medicare fee-for-service ben-
eficiaries (32).
Although this study was not designed

to provide a detailed analysis of YDPP
implementation costs, we were able to
estimate the mean per-person health
payer reimbursement made to the
YMCA using administrative records for
YDPP attendance and weight loss levels.
The estimated mean YMCA reimburse-
ment of;$212 per person is lower than
the previously reported costs of ;$424
for community-based delivery of DPP-
like interventions (16). In the context of
the original DPP clinical trial interven-
tion, which demonstrated 15 lb of
mean weight loss in year 1 for ;$1,399
in program delivery costs ($94/lb) (5,11),
the YDPP achieved approximately half
the mean weight loss for only ;15%
of the delivery expense ($28/lb). Impor-
tantly, this reimbursement amount does
not include any additional costs thatmay
have been incurred by the YMCA, health
plans, or employers for other activities
beyond program delivery. For example,
operational costs for employer-based
prediabetes screening or for administer-
ing YDPP referrals were not included in
the analysis.
Our study has some limitations. First,

we only had access to administrative
data sources, which do not capture
outcomes such as quality of life or
changes in A1C, blood pressure, or
other intermediate clinical outcomes
including diabetes onset, which may
signal the potential for cost savings
over longer time horizons. In the
DPP, every 1 kg of additional weight
loss was associated with a 16% further

reduction in risk of developing type 2
diabetes over ;3 years (22), and mod-
est weight loss improved health-
related quality of life and reduced the
need for medications used to address
cardiometabolic risk factors (9,10). Sec-
ond, we were only able to analyze direct
medical costs. Patients may also incur
or avoid nonmedical costs (e.g., pay for
transportation to YDPP visits) or indi-
rect costs (e.g., have lower lost wages
from missed workdays) after being
offered a behavioral change program
(11). Third, as is the case in any pro-
pensity match, it is possible that there
were remaining differences between
YDPP users and PS-matched nonusers
at baseline. For example, all YDPP users
completed employer-based blood test-
ing that confirmed the presence of
prediabetes, but a similar data source
for blood test results was not available
for nonusers. The presence of a prior
health care visit for prediabetes was
included as a covariate in the PS match,
but it is possible that some YDPP users
without a prior health care visit for pre-
diabetes could have been PS matched to
nonusers with an unknown prediabetes
status. Though sensitivity analyses did
not show differences in cost outcomes
for YDPP users with and without a prior
health care visit for prediabetes, it is still
possible that therewere other remaining
differences between YDPP users and
PS-matched nonusers that could have
impacted the cost comparison. Fourth,
our study population was limited to
individuals who enrolled in YDPP before
June 2013, which focuses on a subset of
earlier-adopting employers from a time
when YDPP enrollment and delivery pro-
cesses may not yet have been optimized;
thus, these findings may not generalize
to more recent YDPP users, to older or
younger individuals, to those without
commercial health insurance, or to those
who are identified as having prediabetes
through other channels such as routine
health care–based screening and refer-
ral. Notably, another recent study found
that Medicare enrollees participating in
YDPP did have significantly lower total
health care expenditures in the 1st year
after enrolling in the program (33), which
may suggest that older adults, who begin
with higher baseline health care expen-
ditures,may experience earlier andmore
pronounced health benefits after YDPP
enrollment.

Conclusion
A strategy involving worksite A1C testing
to identify prediabetes, followed by re-
ferral for free of charge access to the
YDPP, yields relatively inefficient success
identifying high-risk individuals, albeit
modest YDPP enrollment by those
who are identified, and relatively high
attendance with meaningful weight loss
by those who do enroll. Over a 2-year
time horizon, this approach to interven-
tiondelivery has a relatively lowmarginal
intervention delivery cost for health
payers and is likely to be cost neutral
with respect to net health care expendi-
tures. One large remaining challenge is
maximizing participant engagement in
the program without dramatically in-
creasing net costs. With U.S. Preventive
Services Task Force recommendations
that should encourage health care pro-
viders to identify prediabetes and offer
DPP referrals more routinely for all high-
risk patients (34,35), cost-effective ap-
proaches for maximizing participant
engagement and attendance should
be a priority for future research.
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